article, I use a Heckman selection approach to model both the choice of fuel type and firewood expenditures. 5 The third research question asks what effect female earned income has on household fuel choice. 6 Based on previous empirical evidence showing that women have stronger preferences for spending income on food, female earned income is hypothesized to be positively related to fuel use. 7 Second, it is hypothesized that female earned income is associated with a lower likelihood of firewood use. This hypothesized relationship may result from women preferring cleaner fuels or time-saving technologies.
The article is organized as follows: first, I introduce the 1989 Bolivian Integrated Household Survey data and present some descriptive statistics. Second, I describe my empirical strategy for each research question. Third, I present evidence on fixed costs as a barrier to cleaner fuel use. Fourth, I discuss the results, demonstrating how income and female earned income are related to household fuel choices. I conclude by discussing the implications of my results for public policy.
II. Data Description
The 1989 Bolivian Integrated Household Survey (EIH) includes 7,624 households from 17 cities in Bolivia, from eight of the nine departmental capital cities and all other cities with a population of over 10,000. 8 This is the second survey in a series of annual surveys begun in 1988 in conjunction with the World Bank's project to promote Living Standard Measurement Study (LSMS) surveys in developing countries. 9 These surveys are unusual for developing countries because they include both income and expenditure information as well as other social and demographic indicators of living standards. In Bolivia, these are the only surveys to include both income and expenditure information for a wide geographic area. Although summary information from the EIH has been made available by the National Institute of Statistics, to date few economic studies have been published utilizing EIH data. 10 Here, the 1989 EIH is utilized rather than more recent rounds for two reasons. After 1989, information on the separate types of household fuel used was not collected, and the sample was limited to only capital cities and El Alto, excluding the smaller cities.
Among these households from urban Bolivia, the three most commonly used cooking fuels are LPG, kerosene, and firewood (95% of households use LPG, 12% use kerosene, and 6% use firewood). Although firewood use is more prevalent in rural areas, urban data are well suited for examining choice among fuels because of the greater availability of substitute commercial fuels, such as LPG. 11 Understanding how households behave in these urban areas, where alternate fuels are commercially available, may provide insight into how other households might behave if fuel choices were also made available to them, for example, in the rural areas of Bolivia or in other cities in developing countries where fuel options are currently more limited.
While the most common use of these household fuels is for cooking, households also use them for artisan activity, lighting, home heating, and water heating. Most households use these fuels for family cooking (97%), while fewer than 10% use these fuels for other purposes. Bolivia has three very different geographic zones, which may be broadly categorized as the Andean region, the valley region, and the lowlands. Comparing the altitudes of capital cities gives a feeling for these differences. They range in altitude from 3,640 to 4,070 meters in the Andean region, from 1,866 to 2,790 meters in the valley region, and from 221 to 416 meters in the lowlands. Despite the high altitudes in the Andean region and accompanying colder temperatures during the winter months, household use of LPG, kerosene, or firewood for heating is rare. Among households in the cities in the 1989 EIH, 1% of households reported using the fuels for heating, ranging from 0% to 5% for the individual cities. Two of the other fuel uses reflect household use for family business: cooking for sale or artisan activity.
While only 7% of households use fuels for cooking for sale and 1% for artisan activity, within these households, business fuel use may constitute a large percentage of total fuel use. Tables 1 and 2 present sample means (population-weighted) of relevant variables from the 1989 EIH for all households, for all households in the valley region, and for firewood users in the valley region. 12 Sample means are presented separately for the valley region since I focus on firewood choice and expenditures in this region. In examining firewood use, I limit the sample to households from the valley region because kerosene purchases are limited by the government because of its use in cocaine manufacture. 13 While kerosene is still sold, its availability varies by region, so that kerosene use is practically nonexistent in Cochabamba and nearby cities in the valley region where controls may be stricter, given their proximity to coca-producing areas. This is seen in the 1989 EIH data, where only 1% of households in the valley region use kerosene, as compared with 12% when all regions are included. Since kerosene use is being discouraged, limiting the sample to these valley regions puts the focus here on the choice between firewood and LPG, which is more pertinent from a policy standpoint.
Sometimes firewood is purchased, whereas other times the household itself is the supplier, and household members gather firewood. According to data from the 1989 EIH, among households in the valley region that use firewood, 45% are firewood gatherers. Despite the drawbacks of using firewood as opposed to a cleaner and more convenient commercial fuel, households may have reasons to prefer cooking with firewood, for example, for flavor. Therefore, even if households cook with commercial fuels, they may continue to cook some meals with firewood. In fact, using various types of fuel is not uncommon. About 12% of households in the 1989 EIH sample use multiple fuels. The improved flavor of food cooked with firewood was mentioned frequently in my discussions in Bolivia. However, César Sevilla states that although the taste of food changes when households switch from wood to LPG, this has not generated a large resistance to switching. firewood price and quantity information from the 1989 EIH. Firewood expenditures for firewood collectors and other households with missing firewood prices were calculated by using imputed prices. 15 On average, households spend about US$1.84 per person on fuel monthly, and household fuel spending amounts to about 5% of total household expenditures (table 1) . 16 Firewood users in the valley region spend, on average, a higher percentage (13%) of total expenditures on fuel.
Expenditures rather than current income are used in this study as the indicator of resources available to the household. 17 Expenditure data are sometimes argued to be more reliable than income data. Another reason to use expenditure data is that this study focuses on household-consumption decisions and not on the savings-versus-consumption decision. Expenditures may also be considered a proxy for permanent income; however, this interpretation is less valid if households are unable to smooth their consumption between periods. Per capita expenditures are used rather than total household expen- ditures as a normalization to make them more comparable across differentsized households.
18
Average per capita expenditures are about US$50 per month, as compared with average per capita income of US$60 per month (table 1) . Per capita expenditures, household expenditures, and per capita income are all, on average, lower for valley firewood users than for valley households in general. This suggests that income growth may have an effect on firewood use. Looking at the female-earned-income variables, the percentage of household income attributable to female earners is 25% in the entire sample, somewhat higher in the valley region (27%), and even higher for firewood-using households in the valley region (29%). About 50% of households have female earned income, and this percentage is also somewhat higher in the valley region (53%) and even higher for firewood-using households in the valley region (54%). Examining some of the other demographic variables in table 2 demonstrates that firewood-using households in the valley region are larger than households overall. In addition, in firewood-using households in the valley region household heads tend to be older, a lower percentage have a high school degree or additional schooling, and a higher percentage speak an indigenous language than is true for household heads in general.
III. Empirical Strategy Are Fixed Costs a Barrier to Switching to LPG?
If a household uses a more expensive fuel, even when the fixed costs are less than the present discounted value of expected savings from using the least expensive fuel, then this may indicate credit-market constraints for purchasing durable goods.
19 I hypothesize that fixed costs are a barrier to using LPG for some households. I present evidence on the fixed costs required to use LPG as compared with kerosene or firewood. I also examine the available information on the relative prices of the fuels per unit of energy output. Then, I look at the difference between per capita fuel expenditures for households that use LPG and those that do not. Households that use LPG may also use firewood or kerosene, but the fact that they use at least some LPG means that they own the durable goods necessary for LPG use. If the prices of firewood and kerosene are higher than the price of LPG per unit of energy utilized, then fuel expenditures for exclusive kerosene and firewood users will be higher, given the same quantity of energy utilized. The same comparison is also examined in a regression framework, controlling for a variety of variables that may affect the quantity of fuel purchased.
The Impacts of Income and Female Earned Income on Household Fuel Choices
The second and third research questions ask how income growth and female earned income affect household fuel choices. First, the impact of both income growth and female earned income on overall fuel use is seen from the results of the per capita fuel expenditures regression described in the previous paragraph. Next, focusing on households from the valley region of Bolivia, I look at the effects of income and female earned income on firewood expenditures and on firewood choice. Since many households use no firewood, a Heckman selection model is estimated by maximum likelihood. This involves estimating both a firewood choice probit and a firewood expenditure regression, as explained below.
The estimation is based on the following model of firewood use. Whether a household chooses to use firewood can be represented by a binary variable, , if firewood is used, and zero if not. 20 However, the underlying theory Y p 1 involves , which is the unobserved propensity to use firewood. 
So when :
i e
In the Heckman selection procedure, the estimated expenditure equation includes l, which is obtained from the probit selection equation.
To examine the effect of income on firewood use, per capita household expenditures as a measure of available household resources is included as an explanatory variable. 21 Both linear and quadratic terms are included for per capita household expenditures. Overall, fuel is expected to be a normal good for households, while firewood is expected to be an inferior good, at least for some households. Therefore, an increase in household income is hypothesized to increase the quantity of fuel used (and thus the quantity of firewood, conditional on using firewood) but to decrease the probability of choosing to use firewood.
The third question concerns the effect of female earned income on household-fuel-choice and use decisions. Two different measures of women's earnings within the household are used. One is the proportion of female earned income to total household income, while the other is an indicator for female earned income in a household. Unfortunately, unearned income is not available on an individual basis in the 1989 EIH. A potential endogeneity issue arises when using earned income as a measure if women make their work decisions based on the need to purchase fuel. However, since fuel or firewood expenditures are generally a small percentage of household expenditures (on average 5%), it seems reasonable to argue that endogeneity is less of a problem when looking at fuel expenditures, as opposed to looking at expenditure items that are a larger proportion of the budget.
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Households with female earned income are expected to be less likely to use firewood. Relative to men, women may have stronger preferences for using a cleaner fuel than firewood, given their greater involvement in cooking. Female earned income may also indicate that women in the household have a greater opportunity cost of time, which is associated with choosing time-saving cooking technology. The mechanism linking female earned income to greater expression of female preferences may be that, with female earned income, women either have a greater say in household-consumption decisions or have increased access to nonpooled household income. In terms of fuel use, female earned income is expected to be positively related to fuel expenditures.
The other explanatory variables included in the probit equation are city indicator variables (Cochabamba, the largest city in the valley region, is the omitted category), an indicator for large households (five or more members), an indicator for more highly educated household heads (a high school degree, technical or university education), an indicator for older household heads (40 years of age or older), an indicator for household heads who speak an indigenous language (either solely or in addition to Spanish), and an indicator for households that cook for sale.
The likelihood of choosing to use firewood is expected to be lower for those with higher education levels. The learning cost for switching to LPG use is likely to be lower for more highly educated persons, and they may be less likely to have the custom or habit of firewood use in their family. The preference for the flavor of food cooked with firewood may be associated with a stronger attachment to indigenous culture and traditional cooking. Therefore, those speaking an indigenous language are expected to be more likely to choose to use firewood. Firewood prices are not available; therefore, city indicator variables are included to control for geographic variation in relative fuel prices. 23 The interaction term between highly educated and older household heads is included since a recent education may have a different effect than a distant one.
In the per capita firewood expenditures regression, in addition to per capita expenditures and the female-earned-income indicator, the other explanatory variables include the number of adults (13 years of age or older) in a household, household size, city indicator variables, and an indicator for households that cook for sale. Some of the variables thought to affect expenditures on firewood are different from those included in the probit equation for firewood choice. Household head characteristics such as age, education, and whether an indigenous language is spoken are not expected to affect firewood expenditures directly and are excluded. Speaking an indigenous language is an indicator for stronger attachment to indigenous culture, which, as discussed previously, may be linked to cooking traditional dishes. However, firewood users in general are expected to cook traditional dishes, so, conditional on the use of firewood, indigenous culture would not be an important determinant of firewood expenditures. 24 Without these exclusion restrictions (variables expected to affect the probability of using firewood but not the amount spent on firewood), the identification of the parameters in the Heckman selection procedure would depend only on the functional form assumed. Also, instead of an indicator for large households, actual household size is included, as the relationship with per capita firewood expenditures is expected to be continuous. In addition, the number of adults is included, as children have different eating requirements than adults.
IV. Results: Are Fixed Costs a Barrier to Switching to LPG?
The durable goods needed to cook with LPG are at least one 10-kilogram tank and a stove. An empty tank must be returned when another tank filled with LPG is purchased. The cost of the tank alone is about US$25. The least expensive LPG stove is essentially a one-burner unit, which cost less than US$10 in 1997. Stove prices in Bolivia in 1992 averaged about US$100.
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In general, stoves and other appliances are not provided along with rental housing but must be supplied by the renters. The minimum fixed cost for durable goods needed to use LPG is therefore US$35, which is 16.8% of the average monthly household expenditure level of US$208 (for all households). However, for households not using LPG, it is 27.1% of the average monthly household expenditure level of US$129.
26 By contrast, kerosene cooking is predominantly done on relatively inexpensive small burners that hold one pot, and no special fuel containers are required. 27 The main fixed cost of a woodburning stove is the labor cost for construction. Therefore, the fixed costs for the durable goods required to use LPG are higher than those for either kerosene or wood, assuming that the opportunity cost of time is low for those constructing the wood-burning stoves.
According to relative fuel price information from the Bolivian National Survey of Rural Energy Consumption, in rural areas of Bolivia, firewood is less expensive per unit of output energy than either kerosene or LPG. 28 The same price comparison cannot be done, for all the urban areas, with firewood prices from the 1989 EIH, as firewood prices are given in varying units, and the conversion factor to a standardized unit such as kilograms is not generally available. However, a comparison of relative fuel prices was possible for two urban areas in the valley region. In the department of Cochabamba, LPG and firewood prices per unit of energy are almost the same. In Tarija, LPG is approximately 0.12 bolivianos/10,000 kilocalories more expensive than firewood, a smaller price differential than in the rural areas. 29 This suggests that in urban areas firewood is more expensive relative to kerosene and LPG than in rural areas. This is not surprising since transportation costs would generally be higher for kerosene and LPG in rural areas than in urban areas, while firewood transportation costs would generally be higher in urban areas than rural areas. Comparing energy output prices for LPG and kerosene in the 1989 EIH cities, kerosene is always more expensive than LPG. These price comparisons reflect energy output but do not take into account varying efficiency of fuel use. Efficiency in firewood use may be particularly low. For example, one source estimated efficiency at 10% of energy output. 30 This implies that, if fuel efficiency were also taken into account, LPG might actually be less expensive per unit than either kerosene or firewood in urban areas.
Comparing total per capita fuel expenditures for LPG users with non-LPG users, LPG users on average spend US$1.22 per person less each month on fuel than non-LPG users (table 3) . This suggests that households with no LPG use could reduce their per capita fuel expenditures by switching to LPG. Taken together with the previous information showing that the durable goods needed for LPG use are more expensive, one reason to explain why this switching does not always occur is that this cost of the durable goods serves as a barrier to using less expensive fuels. Purchasing an LPG tank and a one- burner stove would have a payback time period of slightly more than 2 years for a one-person household (using 1997 prices without discounting). This time period would be shorter for larger households. However, other differences may exist that explain why households without LPG use spend US$1.22 per person per month more on fuel on average than households with LPG use. Therefore, the same comparison is examined in a regression framework. The results from this regression are presented in table 4 . 31 In model 1, the parameter estimate on the indicator for LPG use shows that LPG users on average spend US$1.54 per month less on fuel than do non-LPG users with the same characteristics. This evidence is consistent with the hypothesis that fixed costs for durable goods may be a barrier to LPG use. Per capita fuel expenditures rather than total household fuel expenditures are examined to account for different household sizes having different fuel requirements. 32 However, household size is also included as an explanatory variable, as economies of scale in fuel use may exist. The estimated parameter on household size is negative, indicating the presence of economies of scale. In addition, the number of adults in the household is included as an explanatory variable, since fuel use may differ for adults. Having more adults in a household is associated with greater per capita fuel expenditures, but the effect is small.
If there are unobserved household characteristics that differ between LPG users and non-LPG users and also affect fuel expenditures for these two groups, then selection into these groups may be contributing to the difference in fuel expenditures. Both firewood users and indigenous peoples may be more traditional and cook traditional dishes that use more fuel, for example, dried corn. The indigenous language indicator variable is included to attempt to control for preference differences such as this. 33 The parameter estimate suggests that households in which an indigenous language is spoken by the head of household have greater per capita fuel expenditures. Fuel and food may be substitutes in some cases, for instance, if less expensive ingredients take longer to cook, or LPG users eat out more and cook less in the home. For this reason, had the data been available, it would have been useful to compare fuel costs per meal. However, by controlling for per capita expen- diture levels, differences like these may be partially captured to the extent that they relate to differences in income levels. The parameter estimates on the linear and quadratic terms for per capita expenditures suggest that fuel expenditures rise with per capita expenditures, but at a declining rate (discussed further in Sec. V). As the proportion of female earned income in a household increases, per capita expenditures increase (discussed later in Sec. VI). Selection bias may also be less of a problem given the way that the groups are defined. As long as they also use LPG, households that use kerosene or firewood are included in the LPG-user group, which makes the control group more similar to the kerosene and firewood-using group, except for having LPG use as well. Indicator variables for various uses of the three fuels are included in the regression. Those households that have business fuel uses, such as cooking for sale and artisan activities, have greater per capita fuel expenditures than those that do not, and the parameter estimates are statistically different from zero. For households that use these fuels for lighting or water heating, per capita fuel expenditures are also greater than for those households that do not, although the magnitudes of the differences are smaller than for the business uses. Most of the households (97%) use at least one of these fuels in family cooking, and, as might be expected, their fuel expenditures are substantially higher than those for families that do not use these fuels for family cooking. Households that use these fuels for home heating are also estimated to spend more per capita on fuel than those that do not; however, the parameter estimate is not significantly different from zero and is small in magnitude. Households with electricity are estimated to have lower per capita fuel expenditures, as might be expected, to the extent that these fuels are substitutes for electricity in those households with no electricity; however, the parameter estimate is also small in magnitude and not statistically different from zero.
To make sure that the household use of fuel for artisan purposes or cooking for sale is not driving the results, model 2 is estimated, excluding households with either of these business uses (592 households). The LPG users are estimated to use US$1.38 less fuel per capita than non-LPG users, an amount only slightly smaller in magnitude than the parameter estimate in model 1. 34 Another approach is attempted in model 3, where interaction terms with the LPG-use indicator are included for artisan use, cooking for sale, and household size. The interaction term with household size is included further to capture economies of scale for which the expenditure difference on the margin, given another household member, may be different from the average. The result that LPG users spend less on fuel than non-LPG users does not change. In fact, the estimated difference is now US$3.71, which is greater than it is in model 1.
Both the simple comparison of mean per capita fuel expenditures and the regression results show that non-LPG users spend more on fuel than do LPG users. In combination with the evidence presented previously, that even the least expensive purchase of durable goods for LPG use would be about 27% of the average monthly household spending in households with no LPG use, this supports the hypothesis that these fixed costs may be a barrier to switching to LPG.
However, while this evidence is consistent with fixed costs as a barrier to LPG use, it is also consistent with other explanations. 35 For example, perhaps the implicit costs of purchasing LPG are higher for those who do not purchase LPG. Implicit costs for households may vary because of the different ways in which LPG is purchased and the distance from the point of purchase. In urban areas, LPG is most frequently purchased from trucks, although in the valley regions, store and agency purchases are also common. 36 In the past, shortages of LPG have occurred, causing a break in the supply, but this is fairly rare now. 37 In addition, while this analysis attempts to control for a variety of factors influencing fuel choice, it is possible that other noneconomic factors, such as family tradition, are not completely captured and could be affecting fuel choices.
V. Results: Does Income Growth Lead to Decreased Firewood Use? The Impact of Income on Fuel Use
The impact of income on overall fuel use is seen in the regression results in table 4. Per capita fuel expenditures increase with per capita household expenditures, although at a decreasing rate, as the quadratic term is negative. 38 The effect turns negative at very high expenditure levels; for example, the turning point is at per capita expenditures of US$5,673 per month in model 1. Using the results from model 1, an increase of US$1 in per capita expenditures implies an increase of about 2 cents in per capita fuel expenditures when evaluated at the average per capita expenditure level of US$49.51 per month. This implies a relatively inelastic expenditure elasticity of 0.49. Since the dependent variable is fuel expenditures (or, later, firewood expenditures), one concern might be potential endogeneity, that is, household expenditures rise because of an increase in fuel expenditures. However, as shown in table 1, fuel expenditures are generally a small share of total expenditures (5% on average), so this is less likely to be a problem.
The Impact of Income on Firewood Choice
While income is positively related to overall fuel expenditures, results from the Heckman selection procedure demonstrate the impact of income on firewood choice and firewood expenditures. The results from the probit models of firewood choice are in table 5. As seen in model A, per capita expenditures are negatively related to the probability of choosing firewood, although, since the quadratic term is positive, the magnitude of the negative impact is decreasing as per capita expenditures increase. The turning point at which the positive effect from the quadratic term equals the negative effect from the linear term is US$975 per capita, and the ninety-ninth percentile for per capita expenditures in the sample is US$229 per capita. Since this turning point is so high and the parameter estimate on the quadratic term is not statistically significant, for all relevant purposes the estimated relationship shows that as spending power increases a household is less likely to use firewood.
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Households where the head has a high school degree or a technical or university education are less likely to use firewood, and this education effect is stronger for younger household heads. This may reflect a lower learning cost for switching to a commercial fuel for more highly educated households. Households where the household head speaks an indigenous language are more likely to use firewood, perhaps because of the preference for the flavor of traditional meals cooked with firewood, as previously discussed. Larger households and households that cook for sale are also more likely to use firewood. Households with older household heads are less likely to use firewood, although this parameter estimate is not statistically different from zero.
The parameter estimates on the city indicator variables are all statistically significant in the choice of firewood. The city indicator variables are expected to reflect differences in relative fuel prices among the cities, since prices were not available for firewood in standardized units. 40 Households in all cities except Sucre are more likely to choose firewood than are households in Cochabamba (the omitted category). The ranked ordering suggested by the parameter estimates implies that the price of firewood relative to other fuels may be highest in Sucre and lowest in Punata. For the two cities of Tarija and Cochabamba, this is consistent with the relative price comparison given earlier, showing that firewood was less expensive relative to LPG in Tarija than in Cochabamba. While it would be interesting to compare these results to data on the relative availability of firewood or the rate of deforestation in these areas, to my knowledge information by city does not exist. 41 Since some households also use fuel for home businesses, cooking for sale is included as a control variable. However, to check that households with the business purposes of either artisan activities or cooking for sale are not driving the results, model B estimates omit these 174 households. Compared with that of model A, the results are quite similar. As per capita expenditure levels increase, the probability of using firewood declines, although at a decreasing rate because of the positive quadratic term. The impact of female earned income on firewood choice will be discussed in Section VI, along with the specifications estimated in model C, which primarily relate to that issue. However, the parameter estimate on per capita expenditures in model C is very similar to that in model A. 42 
The Impact of Income on Firewood Expenditures
The estimation results for the firewood expenditure regressions are in table 6. 43 Looking at model A, per capita expenditures are positively associated with per capita firewood expenditures, and the estimated parameter is statistically different from zero. The quadratic term is negative but not statistically different from zero. Using the point estimates from model A, evaluated at the mean per capita expenditure level for firewood users of US$36.82 per month, an increase in per capita expenditures of US$1 would result in about an 8-cent increase in per capita firewood expenditures. Therefore, increased spending power, conditional on using firewood, tends to increase firewood use. The implied expenditure elasticity is 0.88, which is relatively inelastic. Household size and the number of adults are both negatively related to per capita firewood expenditures, although the estimated parameters are not significantly different from zero. The negative impact of household size may reflect economies of scale in fuel use. The negative parameter estimate on the number of adults is somewhat surprising, as adults would be expected to eat more than children.
Cooking for sale is positively related to per capita firewood expenditures, of substantial magnitude, and statistically different from zero. The parameter estimates for the city indicator variables are positive, indicating higher firewood expenditures in these cities than in the omitted city of Cochabamba. However, unlike in the probit equations, these parameter estimates are not statistically different from zero, suggesting that they do not significantly explain differences in firewood expenditures.
The specification in model B tests the sensitivity of the results to the omission of households with business fuel use. When households that either have artisan activities or that cook for sale are omitted, an extra US$1 in the per capita expenditure level results in a 6-cent increase in per capita fuel expenditures, slightly less than the 8-cent increase estimated from model A. As in model A, the effect of household size is negative. By contrast, in model B, the parameter estimate on the number of adults is positive, although not statistically significant. In the fuel expenditure regressions seen previously in table 4, the number of adults was also positively related to fuel expenditures. This suggests that the estimated negative relationship shown in model A either has to do with the type of fuel or is related to business firewood use.
The positive relationship between per capita expenditures and firewood expenditures is found consistently in the estimated alternative specifications. As seen in table 6, the estimated linear effect of expenditures on firewood expenditures is also positive and statistically significant in models B and C. 44 The parameter estimates for the city indicator variables are not significant in any of the specifications. 45 Model C is discussed in more detail in Section VI, as are the parameter estimates on the female-earned-income indicators.
The Overall Impact of Income on Firewood Use
The probit-choice and the firewood-expenditure-equation results imply two opposing effects of income on firewood use. To look at the combined effect of these two margins, I use the Heckman selection results from model A to examine the change in predicted firewood expenditures from an increase of US$5 in per capita expenditures. 46 This increase in spending power affects both the probability that the household uses firewood (and, thus, the number of firewood users) and firewood expenditures, if firewood is chosen. The probit equation predicts a decline in the probability of firewood use of 0.0032 in the overall sample. This is equivalent to seven of the 192 firewood-using households eliminating firewood use. 47 All but three households in the sample have a lower predicted probability of firewood use after the US$5 per capita expenditure increase. 48 From the firewood-expenditure equation, all but one household is predicted to increase spending on firewood after the expenditure increase. The average per capita increase in firewood expenditures is 25 cents, or an average increase per household of US$1.53. Combining these two margins results in an overall predicted increase in firewood expenditures of 10% of actual firewood expenditures. 49 The results of Section V show that the impact of an increase in per capita expenditure levels has two opposing effects on household firewood use. The increase in spending power results in some households eliminating firewood use, while those households that continue to use firewood increase their firewood use. This suggests that small changes in income growth alone will not reduce overall firewood use by households.
VI. Results: Is Female Earned Income Important in Household Fuel Choice? Female Earned Income and Fuel Expenditures
Looking at the relationship between female earned income and overall fuel expenditures in the regression with per capita fuel expenditures in table 4, model 1, as the proportion of female earned income increases, per capita fuel expenditures increase (this parameter estimate is statistically different from zero at the 10% significance level). This result is similar to that found in the Ivory Coast by J. Hoddinott and L. Haddad, where an increase in the wife's share of income is associated with an increased budget share of fuel. 50 Here, a change from zero female earned income to all female earned income is associated with an increase in spending on fuel per capita of 18 cents, a 10% increase if evaluated at the mean per capita fuel expenditures of US$1.84 per month. This estimated relationship is similar in model 3, which includes interaction terms between LPG use and household size, artisan activity, and cooking for sale. However, in model 2, when households with artisan activities or cooking for sale are omitted, the parameter estimate is negative, although not statistically significant. This suggests that the positive relationship between fuel use and the proportion of female earned income is influenced by the relationship between female earned income and cooking for sale. 51 While these results suggest that female earned income may be important in the fuelexpenditure decision, they do not shed direct light on the effect of female earned income on firewood use. To explore this effect, the results from the Heckman selection model are examined.
Female Earned Income and Firewood Use
In model A, in the probit models of firewood choice in table 5, the parameter estimate on the female-earned-income indicator is negative, although only statistically different from zero at the 11.5% significance level. 52 If cooking for sale is associated with a greater likelihood of both firewood use and having female earned income, then this relationship may be obscuring any direct relationship between female earned income and the likelihood of using firewood. 53 To address this issue, model B omits households with business uses of fuel, including cooking for sale. The parameter estimate on the femaleearned-income indicator is again negative and is statistically different from zero at the 10% significance level. In model C, this relationship between female earned income and cooking for sale is controlled for by including an interaction term between these two variables. Again, households with female earned income are less likely to use firewood, and the parameter estimate is significant at the 10% significance level. This suggests that households with female earned income are less likely to use firewood, and the relationship is strongest for households with no business use of fuel or no cooking for sale. In the firewood-expenditure equation for valley households in table 6, the parameter estimate on female earned income is not statistically different from zero in any of the models. Thus, available evidence suggests that female earned income does not affect the level of per capita firewood expenditures, conditional on a household choosing to use firewood.
The combined evidence suggests that female earned income may matter in the household-fuel-choice-decision-making process. The association of female earned income with a lower probability of firewood use may be caused by greater opportunity costs of time for women who work for monetary compensation. Cooking with firewood is more time-consuming than cooking with LPG, and women working for monetary compensation may have less time for cooking. This cannot be distinguished from the explanation that women may have stronger preferences than men for cooking with a cleaner fuel. Whichever underlying reason explains the relationship, the influence of female earned income may affect the implementation of different fuel-use policies.
VII. Summary and Conclusions
This article addresses three economic questions relating to household fuel use in Bolivia. In addition to adding to our understanding of household behavior in developing countries, the presented results have specific policy implications for development projects aimed at reducing firewood use in those countries.
I compared per capita fuel expenditures for LPG users with those of non-LPG users and found that, all else being equal, LPG users spend less on fuel. This is evidence that a barrier to LPG use may exist, such as high fixed costs of purchasing durable goods combined with credit constraints. This implies that development projects encouraging households to switch to a cleaner fuel need to be aware of potential fixed-cost problems, even if the alternate fuel is attractive from a per unit cost perspective. This finding suggests that policies designed to encourage households to switch to a cleaner fuel might target either subsidies or credit access for purchase of the necessary durable goods. If cleaner fuels are actually less expensive per unit than firewood, a policy of increased access to these durable goods could help families lower their overall fuel costs and reduce the problems associated with firewood use at the same time. Fixed costs of durable goods may also still be a barrier in locations where the per unit cost of the cleaner fuel is somewhat higher than the per unit firewood cost, as households may be willing to pay a higher per unit price in order to use a cleaner and more convenient fuel.
The importance of fixed costs in a household's fuel choice suggests that this may also be an issue in other areas of household consumption. For example, with other types of technology transfers such as improved woodstoves, fixed costs may also be a barrier to adoption if the costs are significantly higher than for the traditional stoves. Other examples, where fixed costs may be important for development projects, may include the expansion of access to potable water, electricity, and sewage disposal. Similar to the fuel-choice issue, poorer households may find themselves paying higher per unit prices (or having inferior or no access to services) but being unable to afford the initial cost of access to the distribution system.
I also found that as income increases, the probability of using firewood decreases, which is consistent with the idea of an energy ladder, where households switch to cleaner fuels as income increases. However, the results also show, at least for a marginal increase in income, that increased firewood use among those who continue to use firewood is likely to outweigh the reduction in firewood use from households that stop using firewood. This result highlights the importance of considering the effect of income on both the choice of firewood as a fuel and the amount of firewood used. This is not the same as concluding that economic development is not associated with movements up the energy ladder; however, it suggests that small changes in income, holding other types of societal changes constant, might result in increased fuel use, including increased firewood use. Given the nature of the available cross-sectional data, nothing definite can be concluded about the effect of larger-than-marginal changes in income. The results illustrate that any impact of income growth on firewood use is likely to come from changes in fueluse patterns among current firewood users. Economic development that targets this population could have the potential overall impact of reducing firewood use, if the number of households that stop using firewood outweighs the impact of increased firewood use by those who continue using firewood.
Female earned income within the household was found to be important for some aspects of household-fuel-use decisions. This reinforces a growing awareness that intrahousehold interactions may be important in understanding household-consumption decisions. One finding of this work is that, as the proportion of female earned income increases, per capita fuel expenditures increase as well. This result seems consistent with previous studies that found a positive association between women's income and spending on food. However, among valley households, while female earned income is not statistically significant in explaining firewood expenditures, households with female earned income are less likely to use firewood, particularly among households with no fuel use for business purposes. This suggests that generating more economic opportunities for women to earn income, other than cooking for sale, may be associated with reduced firewood use. Another implication is that in designing policies for reducing the negative effects of firewood use, whether this includes incentives for households to switch to cleaner fuels or to use more efficient wood-burning stoves, the role of women in the householdfuel-choice decision-making process should not be ignored. The evidence on the effect of female earned income suggests that learning more about how the intrahousehold decision-making process works regarding household fuel use may help us to understand the role that economic development could play in reducing firewood use.
In conclusion, my results suggest various policy options for the reduced use of firewood. The environmental problems of deforestation and indoor air pollution stemming from household firewood use appear unlikely to disappear simply through small increases in income. Attention should be paid to the possibilities of increasing use of cleaner, alternate fuels by reducing the fixed costs of the needed durable goods. In addition, increased economic opportunities for women may have the added benefit of reducing demand for firewood.
to account for the relative price per unit of usable energy (taking into account the different energy efficiency of stove types).
24. In support of this, for valley households, mean per capita firewood expenditures for households in which the head speaks an indigenous language is US$3.20, which is similar to that for other firewood-using households (US$3.12).
25 30. César Sevilla, "Políticas en energía y medio ambiente" (Energy and environmental policies) (unpublished report, La Paz, 1993).
31. In addition to the explanatory variables presented in table 1, city indicator variables for the 16 cities of Sucre, Cochabamba, Oruro, Potosi, Tarija, Santa Cruz, Trinidad, El Alto, Quillacollo, Punata, Llallagua, Huanuni, Tupiza, Camiri, Montero, and Riberalta were included in the estimation, with La Paz as the omitted category.
32. Similar results are obtained when model 1 is estimated using total household fuel expenditures and total household expenditures instead of per capita expenditures (including both linear and quadratic terms for household size as explanatory variables). The estimated parameter on the LPG use indicator is Ϫ3.89 and statistically different from zero at the 1% significance level.
33. It is difficult to control entirely for these potential differences since nonindigenous firewood users are also expected to cook traditional dishes. If an indicator variable for wood use is included in model 1, the parameter estimate is positive (2.61) and statistically significant. The LPG users are still estimated to spend less on fuel than non-LPG users, although the magnitude of the difference is smaller (Ϫ0.59).
34. If only households using fuel for artisan activities are omitted from the sample ( ), the coefficient on LPG use is practically the same as in model 1, i.e., Ϫ1.55. N p 85 35. One possible source for systematic bias is that in the 1989 EIH kerosene and firewood price and quantity information was obtained on a weekly basis, whereas LPG information was obtained on a monthly basis. However, it is difficult to see how this would consistently bias the results in one direction or the other.
36. From 1989 EIH data. 37. Shortages may be real, given the monopoly on domestic supply and the policy of restricting imports, but sometimes they are caused by supplier speculation when a price hike is expected. 38. Similar results are obtained when total expenditures, total income, or per capita income are included instead of per capita expenditures in the fuel-expenditure regression.
39. Unless otherwise stated, in this article "statistically significant" means that the parameter estimate is not statistically different from zero at the 10% significance level.
40. This lack of uniform price data means that substitution elasticities cannot be calculated.
41. According to Hernán Zeballos H., Agricultura y desarrollo económico II (Agriculture and economic development II) (La Paz: Centro de Información para el Desarrollo, 1993), the department of Chuquisaca (where the city of Sucre is located) is 34.5% forested, the department of Cochabamba (where Cochabamba, Quillacollo, and Punata are located) is 47.9% forested, and the department of Tarija is 70.3% forested. However, Zeballos also states that all three of these valley-region departments show large areas of deforestation and erosion, particularly the department of Tarija. In addition, the percentage of forested area in a department may not be directly related to accessibility of the resource in the urban areas.
42. Four additional specifications were estimated: (1) omitting households with artisan activities, (2) including per capita income instead of per capita expenditures, (3) using total household expenditures rather than per capita expenditures, and (4) using the whole sample rather than just the valley region. In all cases the effect of an increase of either income or expenditures on the probability of using firewood is negative, although at a declining rate because of a positive parameter estimate on the quadratic term.
43. While the per-capita-firewood-expenditures regression is estimated both separately and as part of the Heckman selection procedure, regression results without correcting for selection are not reported in the tables since the parameter estimates are very similar.
44. Similar results were found when the following four additional specifications were estimated: (1) omitting households with artisan activities, (2) including per capita income instead of per capita expenditures, (3) using total household expenditures rather than per capita expenditures, and (4) using the whole sample rather than just the valley region. One difference in the results is that the parameter estimate on the quadratic term is positive, although not statistically different from zero, when total expenditures are used.
45. In regressions without the selection correction, two of these parameter estimates are statistically significant.
46. Since this sample is for a particular point in time and, thus, for a given income distribution in urban Bolivia, one would not want to extrapolate the effects to those from larger-than-marginal increases in income. A per capita increase of US$5 per month is actually already fairly large for some households, given that mean per capita expenditures in the valley region are about US$50.
47. Sample size is 192 rather than 195 firewood users because of missing predicted values for three households (missing age or education information).
48. Three households at the upper end of the per capita expenditure distribution have an increased probability because the parameter estimate on the quadratic term for per capita expenditures in the probit model is positive.
49. These figures are calculated from population-weighted averages. For the purposes of this prediction exercise, the seven households with the largest decrease in predicted probabilities are considered to eliminate their firewood use after the increase in per capita expenditures. The change in firewood expenditures is predicted for each household using the parameter estimates obtained from the per-capita-firewood-expenditure equation (table 6, model A). 50. Hoddinott and Haddad (n. 7 above). 51. The same regression was estimated omitting only households with artisan activities, with similar results as in table 4, model 1, for the parameter estimate on the proportion of female earned income. When the female-earned-income indicator is included rather than the proportion, the parameter estimate is negative but not statistically significant. 52. If model A is estimated with the proportion of female-earned income rather than the indicator variable, the results are similar.
53. As seen previously, households that use firewood are more likely to cook for sale (table 1) .
